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380a Tuesday, March 8, 2011i) Femtosecond transient absorption has shown that CO can rebind from TFH
distal cavity in few ns. TrpG8 substitution with the apolar Phe accelerates
the recombination, which takes place in hundreds of ps.
ii) Laser flash photolysis has allowed to extend the study of the dynamics to
longer times. The yield of the geminate rebinding and the kinetics of recombi-
nation from the solvent are both influenced by the single TrpG8/ Phe muta-
tion. Further changes are observed when the three polar amino acids are
replaced by Phe. Rate constant distributions have been obtained by the maxi-
mum entropy method.
iii) Photoacoustic measurements have yielded both volume and enthalpy
changes following CO photodissociation in the ns range. The thermodynamic
parameters can be related to those measured by laser flash photolysis.
iv) Resonance Raman spectroscopy of seven THF mutated variants has given
evidence for a H-bonding network in the distal cavity, which involves the
bound CO.
All the results point to an overwhelming role for TrpG8. This is in agreement
with a recent study on a related bacterial hemoglobin from B. subtilis.
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Conformational Dynamics in Neuroglobin
Luisana Astudillo, Sophie Bernard, Valerie Derrien, Pierre Sebban,
Jaroslava Miksovska.
Neuroglobin (Ngb) is a heme protein that belongs to the family of hexacoor-
dinated hemoglobins. The physiological role of this protein is not well
understood, but several plausible functions have been proposed such as ox-
ygen carrier, oxygen sensor, NO scavenger and protectant against oxidative
damage. To understand the mechanism of Ngb interactions with diatomic
ligands we have determined kinetics and thermodynamics of conformational
changes associated with CO dissociation and rebinding to human neuroglo-
bin (hNgb) and rat neuroglobin (rNgb) using photoacoustic calorimetry, pho-
tothermal beam deflection, and transient absorption spectroscopy. The impact
of the internal disulfide bond found in hNgb on the ligand migration was
investigated by characterizing the time profile of structural changes associated
with CO photo-dissociation from the following mutants: rNgbGly46Cys,
hNgbCys46Gly, hNgbCys55Ser, hNgbCys120Ser, hNgbCys55SerCys120Ser










of the ligand dissociation from His64Gln, His64GlnVal68Phe, Val68-
Phe, Phe49Ala, Phe49Leu and Phe49Asp mutants were determined.
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Allosteric Mechanism of Oxygen-Binding in Hemoglobin
K. Kanaori, Y. Tajiri, A. Tsuneshige, T. Yonetani.
The widely held structure-based mechanism of cooperative oxygen-binding
in hemoglobin (Hb), in which the oxygen-affinity of Hb is regulated by
the T to R-quaternary and associated tertiary structural transition, is based
upon the assumption of the structure-function correlation: ([deoxy-state] =
[T-quaternary structure]=[low-affinity state]) and ([oxy-state]=[R-qua-
ternary structure]= [high-affinity state]. Simultaneous measurements of
the quaternary structure by proton NMR and the oxygen-affinity by
oxygen-binding equilibrium have yielded the following structural/functional
states of Hb: (IV) T(deoxy)Hb with extreme low-affinity, (V) R(oxy)Hb
with extreme low-affinity, and (VI) T(oxy)Hb with extreme low-affinity in
the presence of potent heterotropic effectors as well as more conventional
(II) T(deoxy)Hb with low-affinity and (III) R(oxy)Hb with high-affinity in
the absence of heterotropic effectors. These results indicate the above-
mentioned assumed structure-function correlation is no longer valid. The
structure-based allosteric mechanism of Hb describes merely ligation-
linked structural allostery rather than the cooperative mechanism of Hb.
The structure and the function ( the oxygen-affinity, the cooperativty, and
the Bohr effect) of Hb are regulated independently by a tug of war between
the allosteric effects of oxygen (T–>R and increasing affinity) and the op-
posing allosteric effects of heterotropic effectors (T<–R and decreasing af-
finity) rather than the T to R-quaternary and associated tertiary structural
transition. The oxygen-affinity is regulated by effector-linked dynamic struc-
tural changes.2051-Pos Board B37
The Stretching Frequencies of Bound Alkyl Isocyanides Indicate Two
Distinct Ligand Orientations Within the Distal Pocket of Myoglobin
George C. Blouin, John S. Olson, Edwin J. Heilweil,
Angela R. Hight Walker.
Alkyl isocyanides (CNRs) have a long history of use as probes of steric con-
straints in the binding pockets of myoglobins (Mb) and hemoglobins (Hb).
However, little is known about their conformations within those environments.
The FTIR spectra of CNRs bound to sperm whale Mb have VCN bands at ~2075
and ~2125 cm1 that have been assigned to in and out conformations, respec-
tively. In the in conformation, the ligand points toward the protein interior, and
the lower VCN results from donation of a hydrogen bond from the distal His64
(E7) to the bound isocyano group. In the out conformation, the ligand displaces
the His64 side chain into solvent and away from the binding site. Support for
this interpretation includes: (1) the similar dependence of VCO on the His64
conformation in MbCO; (2) the absence of the low-frequency VCN peak for
CNRs bound in the apolar binding sites of H64A Mb, H64L Mb, and micelles
containing model heme; and (3) a correlation between the fraction of photodis-
sociated CNRs that are held in the binding pocket and rebind geminately over
100s of ns and the fraction of CNRs in the in conformation. CNRs that point out
through an open His64 ‘‘gate’’ rapidly escape following dissociation from the
heme iron.
The situation is more complex for CNRs bound to isolated subunits of human
Hb. The FTIR spectra contain three VCN bands, and geminate rebinding fol-
lowed at visible wavelengths occurs in multiple phases. To interpret these
data, we are currently studying CNRs bound to Mb, Hb, and a heme/micelle
model system by Raman spectroscopy to determine the dependence of VCN
on Fe-CNR back bonding, and by time-resolved IR to assign the rebinding
phases to their respective VCN bands.
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SingleMolecule andHole-Burning Spectroscopies for the Determination of
Molecular Electric Fields in Proteins
Yi Hu, Bradley Moran, Hannah Wagie, Jorg Woehl, Peter Geissinger.
Research in recent years has been pointing to molecular electric fields, gen-
erated by the charge distribution of nuclei and electrons inside molecules, as
significant contributor to protein function in a variety of phenomena ranging
from enzymatic activity [1,2] to photosynthesis [3]. Gaining detailed, quan-
titative information about such fields from experiments, however, has re-
mained a difficult task. In this work, we will outline our experimental
approach to quantitatively determine the molecular electric fields at the ox-
ygen binding site in the heme proteins myoglobin and hemoglobin using sin-
gle molecule and hole-burning spectroscopies in combination with quantum-
mechanical models for data analysis. While hole-burning measurements av-
erage over a subset of proteins in a sample, single protein studies will reveal
the distribution of internal molecular electric fields. We will discuss in the
framework of our models hole-burning measurements in myoglobin and
the dependence of the resulting molecular electric fields in the protein on
the input parameters of these models. Moreover, we will present measure-
ments of absorption cross-sections and fluorescence quantum yields of vari-
ous fluorescent heme derivatives, which will serve as molecular probes of
the internal field at the protein active sites. The results on room temperature
imaging of single molecules of protoporphyrin IX embedded in thin polymer
films demonstrate that such experiments are indeed feasible on the level of
single molecules.
[1] E.D. Getzoff, D.E. Cabelli, C.L. Fisher, H.E. Parge, M.S. Viezzoli, L.
Banci, and R.A. Hallewell, Nature 358, (1992) 347.
[2] J.P. Hosler, J.P. Shapleigh, D.M. Mitchell, Y. Kim, M.A. Pressler, C. Geor-
giou, G.T. Babcock, J.O. Alben, S. Ferguson-Miller, and R.B. Gennis, Bio-
chemistry 35, (1996) 10776.
[3] A.P. de Silva and T E. Rice, Chem. Commun., (1999) 163.
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6-Phosphofructo-2-Kinase/Fructose-2,6-Bisphosphatase (PFKFB) Modu-
lates Slow Oscillations in Pancreatic Islets
Matthew J. Merrins, Richard Bertram, Arthur Sherman, Leslie S. Satin.
Glucose-dependent insulin secretion from beta-cells of pancreatic islets is
pulsatile, but the source of the underlying oscillations remains unclear. We
have developed a computational model of the beta-cell, termed the ‘Dual Os-
cillator Model’ (DOM), based on the hypothesis that slow oscillations in in-
sulin secretion reflect slow oscillations in glycolysis, which then interact
with fast oscillations arising from membrane electrical activity and Ca2þ.
One version of the DOM predicts that glycolytic oscillations are generated
by phosphofructokinase-1 (PFK1) via allosteric activation by its product
fructose-1,6-bisphosphate (FBP), and terminated by depletion of the substrate
Tuesday, March 8, 2011 381afructose-6-phosphate (F6P). To directly determine whether PFK1 is a control
point for slow metabolic oscillations, we experimentally manipulated the flux
through PFK1 by altering the activity of 6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase (PFKFB). This bifunctional enzyme, which contains an
N-terminal kinase domain (PFK2) and C-terminal phosphatase domain
(FBPase2), strongly activates PFK1 activity via conversion of F6P to
fructose-2,6-bisphosphate, a potent allosteric activator of PFK1. PFKFB
has also been proposed to bind and directly activate glucokinase, further ac-
celerating glycolytic flux. Using optical measurements of NAD(P)H and
Ca2þ, we found that increasing the level of PFK2, but not FBPase2, in islets
strongly decreased both the period and amplitude of slow oscillations by
~40%. In many of the PFK2-expressing islets slow oscillations (period
>120s) were either converted to fast oscillations (period <120s) or were
abolished. These data are consistent with the predictions of the DOM after
modification of the model to include regulation of PFK1 by PFKFB, and fur-
thermore support the hypothesis that slow oscillations are driven by oscilla-
tions in glycolysis. Supported by F32DK085960 (M.J.M.), NSF-
DMS0917664 (R.B.), NIH/NIDDK Intramural Research Program (A.S.),
and R01DK46409 (L.S.).
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Expression and Purification of G Protein-Coupled Receptor (GPCR)
Transmembrane Peptides
Zachary T. Britton, Elizabeth I. Hanle, Anne S. Robinson.
Despite the role of G-protein-coupled receptors (GPCRs), the largest family of
integral membrane proteins, in various physiological processes and significant
interest by the pharmaceutical industry, our knowledge of this class of proteins
is limited by the lack of structural and functional data. Recently, ‘‘divide and
conquer’’ approaches to membrane protein structure determination, in which
GPCRs are segmented into shorter and easier-to-handle transmembrane (TM)
peptides, have yielded structure-function insights. Current methods for gener-
ating TMpeptides, however, require mutations that ultimately may have a struc-
tural effect. Herein, we have generated a robust system for the high-level
expression and purification of GPCR peptide fragments in E. coli that elimi-
nates this requirement.
The engineered system utilizes an N-terminal ketosteroid isomerase (KSI) do-
main, redundant Strep affinity tags, thrombin cleavage site, and a nickel affinity
tag to enable the expression and rapid purification of receptor peptides for bio-
physical and structural characterization. The KSI domain directs fusion protein
expression to inclusion bodies, where the fusion protein can be solubilized in
detergent and purified by nickel affinity chromatography. The TM peptide is
released from the fusion protein by thrombin digestion and separated by differ-
ential Strep affinity.
Buffer conditions that are suitable for nickel affinity chromatography, thrombin
cleavage, and strep affinity chromatography have been optimized, where puri-
fication yields for fusion proteins of human adenosine A2a receptor (hA2aR)
TM 7, a model peptide, were ~20 mg/L. Furthermore, hA2aR TM 7 peptide
has been recovered following thrombin cleavage and subsequent purification
in sufficient quantities for biophysical characterization. However, when this
system was applied to the purification of fusion proteins of hA2aR TM 6-7,
the observed purification yields were drastically reduced (~1 mg/L). The role
of hA2aR TM 6 and the generalizability of this approach to several GPCRs
will be discussed.
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Expression and Characterization of E. coli YchM, a Bacterial Member of
the SLC26 Family of Anion Transporters
Volodymyr Shnitsar, Reinhart A.F. Reithmeier.
The widely-expressed members of the SLC26 family of anion transporters
play a crucial role in the transport of bicarbonate, chloride, sulfate and
iodide in epithelial cells and mutations cause a number of serious human
genetic disorders including cystic fibrosis, dystropic dysplasia, congenital
chloride diarrhea and deafness. To elucidate the molecular structure of
SLC26 transporters and their mechanism of action, the E. coli homologue,
YchM transporter, was chosen for analysis. YchM consists of two functional
domains: the N-terminal membrane domain responsible for transport activity,
and the C-terminal STAS domain, whose crystal structure resembles
SpoIIAA, the anti-sigma factor antagonist from Bacillus. YchM and its
membrane domain with a C-terminal His-tag were expressed in various E.
coli strains (Tuner, C41, C43) grown at 20C and purified using Ni-NTA af-
finity chromatography and gel filtration. Stability tests were carried out witha range of detergents, with n-dodecyl-b-D-maltopyranoside (DDM) at pH
6.0, 100mM NaCl and 2% glycerol being optimal. The CD-spectrum of
YchM revealed a high helical content, and the thermal titration profile re-
vealed that YchM protein has 2-step titration curve at 40C and 55C.
YchM was prone to aggregation while sparce-matrix screening of the mem-
brane domain gave small crystals that diffracted to ~12A˚. Further refinement
of the purification and crystallization conditions are underway. Supported by
operating and training grants from CIHR.
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Structural Investigations of Inclusion Membrane Protein a (INCA) of
Chlamydia Trachomatis
Ashley Keller, Linda Columbus.
Inclusion membrane protein A (IncA) is found in the inclusion host membrane
that surrounds Chlamydiae trachomatis within the host cell, and its putative
function is to facilitate homotypic fusion between inclusions. The three-
dimensional IncA structure is unknown, but it is predicted to consist of two
transmembrane helices with a C-terminal leucine zipper motif. In this study,
the IncA full-length membrane protein recombinant expression, purification,
solubilization, and preliminary structural studies are presented. IncA was ex-
pressed as a His-tag fusion to the inner membrane of E.coli. Purification of
IncA was optimized using a dual-detergent approach in which decylphospho-
choline (FC-10) efficiently extracted the protein from the membrane and was
exchanged into dodecylphosphocholine (FC-12) during purification using im-
mobilized metal affinity chromatography. Circular dichroism spectra of puri-
fied IncA indicate IncA is alpha-helical. Analytical gel filtration was
performed in a variety of detergents and the results suggest that IncA is pre-
dominantly a dimer; however, there is also a significant monomer population
observed. The oligomer population is consistent with the putative function of
IncA, in which dimerization is required for homotypic fusion of the chlamyd-
ial inclusions. The results presented suggest that the purified IncA dimer and
monomer are amenable to a variety of structural methods (e.g. NMR and
EPR).
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The Structure of Atp Synthase from Bovine Heart Mitochondria by Single
Particle Electron Cryomicroscopy
Lindsay A. Baker, Michael J. Runswick, John E.Walker, John L. Rubinstein.
Adenosine triphosphate (ATP) is the nearly universal source of energy for cel-
lular processes. In most aerobic cells, ATP is produced by ATP synthase,
a membrane-bound protein complex consisting of two molecular motors con-
nected by a central rotor and a peripheral stator. During ATP synthesis, the pro-
ton motive force across the membrane drives rotation of the motor in the
membrane-bound FO region. As it turns, this membrane motor drives the rota-
tion of an asymmetric central shaft inside the centre of the soluble catalytic F1
region of the complex, inducing cyclic conformational changes in three active
sites. The F1 portion of the complex is held stationary, relative to the mem-
brane, by the peripheral stator.
Although the soluble F1 region is well studied, little structural information ex-
ists for the membrane-bound FO region, preventing understanding of the
mechanism of proton translocation and the generation of rotation within the
complex. To address this issue, we have determined the structure of intact
ATP synthase from bovine heart mitochondria using single particle electron
cryomicroscopy at a resolution sufficient to observe most subunits in the
membrane region. The map shows limited contact between the rotor and
the membrane-bound subunit that induces rotation of the rotor, suggests a po-
tential new role for the subunits involved in dimerization, and provides insight
into the mechanism by which the peripheral stator anchors the F1 catalytic
domain.
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Three-Dimensional Structure of a Membrane-Anchored AAA Machine
Sukyeong Lee, Steffen Augustin, Takashi Tatsuta, Florian Gerdes,
Thomas Langer, Francis T.F. Tsai.
Membrane-anchored AAA proteases are conserved ATP-dependent molecular
machines that mediate the processing and turnover of membrane embedded
proteins. We have determined the 12-A˚ resolution single-particle cryoEM
structure of a full-length, hetero-oligomeric, yeast m-AAA protease hexamer,
which reveals for the first time the structural organization of the membrane
spanning and intermembrane space domains. The fitted structure of the intact
protease offers an explanation how m-AAA proteases dislocate and degrade
membrane integral proteins, and provides the stereo-chemical framework for
further biochemical and mechanistic studies. The structure and mechanism of
the m-AAA protease will be discussed.
